1. Introduction
===============

Efforts are being made on both the national and international level to optimize medical education (see \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R4]\], \[<http://www.nklm.de>\]). The Federal Government of Germany also wants to redesign medical education and, within the framework of its coalition agreement \[[@R3]\], is pursuing the implementation of the "Master Plan for Medical Studies 2020," (MM2020), which was adopted in 2017 \[[@R4]\]. The MM2020 calls for more practical relevance by linking clinical and theoretical content, teaching communication skills, and testing and continuously improving competence-oriented teaching formats.

The German Medical Faculty Association created the National Competence-based Catalogue of Learning Objectives in Medicine \[<http://www.nklm.de>\] with the aim of facilitating the optimization of their curricula and, at the same time, creating a uniform basis. The catalogue includes learning objectives regarding both the roles of physicians as medical experts, communicators, and team members and physician-patient interactions, among other things.

Institutes may also have their own reasons for optimizing a course, such as poor evaluation results, for example.

In view of the current developments, every faculty, institute, and person responsible for teaching is faced with the challenge of adapting the curriculum or their own courses to future requirements. There are several ways to do this, but as a rule not all adaptations can be implemented as a one-time innovation, for example because the necessary resources are not available or comprehensive changes entail too much risk.

One possibility to implement comprehensive developments, however, is to establish subgoals and realize them one by one, thus gradually moving closer to achieving the overall goal. This method of small steps is used in a similar form in quality management (continuous improvement process \[CIP\] \[[@R5]\]).

The advantage of using this approach when optimizing courses is that the first steps can be undertaken with limited resources, thus ensuring the capacity to act. It also makes it easier to identify and correct minor developments that do not produce the desired result. To structure the process, one can use models for curriculum development (e.g. Kern's six-step approach \[[@R6]\]) or quality assurance (e.g. PDCA/PDSA cycle \[[@R7]\]) also within the small steps. Similarly, small steps can be planned and implemented in the sense of best evidence medical education (BEME) \[[@R8]\], \[[@R9]\].

1.1 Objective
-------------

To evaluate whether the method of small steps can be successfully applied to optimize a course, we implemented the method in a biochemistry seminar that takes place in the preclinical part of the medical degree at Ulm University Medical School.

The changes to the seminar that were implemented between the winter semester (WS) 2012/13 and summer semester (SS) 2017 were changing the scheduling of the seminar, vertical integration, changing the teaching concept, and integrating competence-oriented learning objectives. Apart from the change in scheduling of the seminar, these changes met some of the requirements of the MM2020.

We studied the following questions related to these changes:

Can a course be successfully optimized in small steps?Are official evaluation measures collected as part of faculty quality management suitable for depicting an optimization in small steps?

2. Methods
==========

2.1 Course to be optimized and starting position
------------------------------------------------

The optimization in small steps was implemented in the "Integrated Seminar" at the Medical Faculty in Ulm, which -- as stated Section 2, Paragraph 2 of the German Medical Licensing Regulations for Physicians -- is a compulsory seminar on biochemistry for medical students in the pre-clinical part of their degree. Sixteen groups of 20 students were assigned to the biochemistry seminar in each year of the study period (2012 to 2017). Depending on the year, five to seven different experienced lecturers taught the seminar, whereby each group of students was led by only one lecturer (see \[[@R10]\] for details). During the study, a total of 11 different lecturers were responsible for teaching the seminar, five of them only occasionally: these five lecturers taught only 12 of the 96 seminar groups over the course of the study (in 2012, 2013, 2016, 2017), while the remaining 84 seminar groups were taught by the remaining six lecturers.

In the WS 2012/13 seminar, students gave presentations on the principles of biochemistry (e.g. DNA, transcription, translation, and proteins) and the respective lecturer moderated the presentations. The teaching focused on the learning of facts, was neither student nor competence oriented and was scheduled at the end of the 3rd semester, directly after a work-intensive course.

### 2.2 Building blocks for optimizing the seminar

Figure 1 [(Fig. 1)](#F1){ref-type="fig"} illustrates the optimization of the seminar in the respective periods.

### Structural changes

To better coordinate the curriculum (temporal proximity of lecture and seminar), in the SS 2013 the biochemistry seminar was moved from the end of the 3^rd^ semester to the end of the second semester. In SS 2015, it was moved again to the middle of the second semester.

### Vertical integration

One way to increase the practical relevance of the preclinical part of the degree is to include clinical content, an approach that is also referred to as "vertical integration". Besides increasing the vividness of basic science content and in turn its relevance, vertical integration supports the development of students' clinical decision-making competence \[[@R11]\], \[[@R12]\].

In the SS 2013, the principles of biochemistry were taught on the basis of the clinical presentation of Osteogenesis imperfecta, Ehlers-Danlos syndrome, and scurvy to illustrate the relevance of the topics. This change also contributed to fulfilling the MM2020's requirements for more practical relevance and learning objectives of the National Competence-based Catalogue of Learning Objectives in Medicine (e.g. the doctor as a medical expert, Learning goal 5.2.1.1). In SS 2017, the examples of disease presentations were enhanced (see \[[@R10]\] for details).

#### The inverted classroom method (ICM)

The ICM is a blended learning method in which students initially acquire factual knowledge on their own (self-learning phase). This creates space in the subsequent presence phase for students to apply, analyze and synthesize the learned content in the group and with the lecturer \[[@R13]\], \[[@R14]\]. According to the revised taxonomy of Bloom \[[@R15]\], this approach enables a higher cognitive learning process. The ICM can also be used for competence-oriented teaching \[[@R10]\] and to increase student motivation \[[@R16]\].

The ICM therefore allows the MM2020 requirements to be met for a competence-oriented design of medical education and for the testing and continuous improvement of corresponding teaching formats. The concrete design of the ICM used here was successfully piloted in the SS 2016 (see \[[@R10]\] for details) and was introduced for all seminar groups in SS 2017.

#### Communication skills

In recent decades, communication skills have become a key aspect of medical education. Studies and consensus papers on, ideas about, and models for integrating communicative skills into a curriculum have been published demonstrating the efficacy of communication skills training \[[@R17]\], \[[@R18]\], \[[@R19]\], \[[@R20]\], \[[@R21]\]. The teaching of communication skills is also a key element of MM2020.

After a successful pilot study in SS 2016 (see \[[@R10]\] for details), in the SS 2017 learning objectives from the National Competence-based Catalogue of Learning Objectives in Medicine regarding communication in a team, with colleagues and with laypeople were integrated into all seminar groups in the form of role-playing games and tasks for preparing oral examination scenarios.

### 2.3 Data collection and analysis

For the analyses, we used data that had been collected voluntarily and anonymously from students on the official, standardized evaluation forms of the Medical Faculty Ulm for the periods WS 2012/13 to SS 2017. We analyzed the interval-scale data for the categories "organization, structure, implementation of the seminar," "commitment to teaching of the lecturers," and "quality of teaching in the seminar"; each of these categories consisted of three evaluation statements that were rated on a Likert-type scale ranging from 1="does not apply at all" to 6="fully applies" (see table 1 [(Tab. 1)](#T1){ref-type="fig"}). In addition, we evaluated the overall evaluation of the seminar, which had been assessed on a Likert-type scale ranging from 1="very good" to 6="insufficient", and the responses to the dichotomous question whether there was a "need for action to optimize the seminar."

We also quantified free texts: As part of the evaluation, students can express praise in one free text field and criticism in another. Positive or negative free texts in the respective free text fields were counted and summed for each period of time. Negative free texts in the free text field for praise were not included and vice versa, and neutral free texts were not evaluated. Representative free texts are quoted in suitable places below, and more example free texts can be found in the attachment 1 .

Because there were no significant differences between the data from the years between which the seminar was not changed (see figure 1 [(Fig. 1)](#F1){ref-type="fig"}), the respective data were pooled. Differences between the periods in which changes were made were tested by analyses of variance without repeated measurements, and individual values were compared with the post hoc test Tukey's HSD. Changes in the "need for action" and the quantified free texts were analyzed by chi-square tests. Differences with a p-value \< 0.05 were considered significant and relevant. All analyses were performed with IBM SPSS Statistics for Windows \[[@R22]\].

The Ethics Committee of the University of Ulm considered it unnecessary to submit an official application.

3. Results
==========

3.1 Evaluations in WS 2012/13
-----------------------------

The analysis of the evaluations in WS 2012/13 found that students often did not recognize the relevance of the basic topics (quote: "It might be better to link the presentations to certain diseases, to make the relevance clearer \[\...\]") and were dissatisfied with the communication of facts through presentations by their fellow students (quote: "20 presentations in a row is simply not effective \[..\]"). This is also reflected in the relatively low scores in the categories "commitment to teaching" and "quality of teaching," as well as in the "overall evaluation" (see figure 2 [(Fig. 2)](#F2){ref-type="fig"} and figure 3 [(Fig. 3)](#F3){ref-type="fig"}). Because of the large number of presentations and the scheduling of the seminar at the end of the 3^rd^ semester, the motivation during and satisfaction with the seminar were low (quote: "At the end of the really exhausting 3^rd^ semester, it was just 'get this over with, too \...'"). The majority of free texts (91.5%) were negative (see figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

### 3.2 Evaluations in SS 2013 and 2014

Moving the seminar to the end of the 2^nd^ semester did not result in any significant difference in the area of "organization, structure, implementation" (p= 0.998; see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, point A). Hints as to why not were apparent from the following free texts: "Why now? After the semester is 'over'?"; "\[\...\] then parallel to the psych course \[\...\]."

On the other hand, after the vertical integration of clinical diseases the evaluations of "commitment to teaching" and "quality of teaching" improved significantly (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, points B and C), which was also expressed in some free texts, for example: "It was good that the lecturer tried to explain what we did not understand by using practical examples." There was also a significant improvement in the "need for action" (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, point D) and the "overall evaluation" (see figure 3 [(Fig. 3)](#F3){ref-type="fig"}). The proportion of negative free texts decreased to 77.2% (see figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

### 3.3 Evaluations in SS 2015 and 2016

After moving the seminar to the middle of the second semester, the scores for "organization, structure, implementation" increased significantly (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, point A). There were also only a few critical free texts about the scheduling of the seminar and significant improvements in both the "need for action" (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, point D) and the "overall evaluation" (see figure 3 [(Fig. 3)](#F3){ref-type="fig"}). The negative free texts decreased further to 66.5% (see figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

An analysis of the free texts found that there were still some criticisms:

Poor motivation and concentration (quote: "The topics are complicated, and it's difficult to concentrate for four hours");poor learning atmosphere (quote: "\[\...\] did not manage to create a positive learning atmosphere at any of the sessions \[\...\]");unclear learning objectives (quote: "\[\...\] because I could not see any relevance for exams or the like.").

### 3.4 Evaluations in SS 2017

The introduction of ICM and the communication-related learning objectives were associated with significant increases in the areas of "organization, structure, implementation," "commitment to teaching," and "quality of teaching" (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, points A-C). There were also significant improvements in the "need for action" and "overall evaluation" (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}, point D and figure 3 [(Fig. 3)](#F3){ref-type="fig"}). The proportion of negative free texts decreased to 43.8% (see figure 4 [(Fig. 4)](#F4){ref-type="fig"}). The following free text is representative of frequent statements about the ICM: "I love this model! Should also be extended to other seminars! The time requirement is almost the same, but the learning is much more productive!"

4. Discussion
=============

4.1 Baseline situation (WS 2012/2013)
-------------------------------------

The poor overall evaluation and the clear need for action in the evaluation of the WS 2012/13 formed the starting point for the optimization of the seminar. An analysis of the free texts revealed worthwhile steps that could be taken, illustrating the usefulness of student evaluations.

### 4.2 First step (SS 2013 and 2014)

Moving the seminar to an earlier time in the semester did not affect the student evaluation of "organization, structure, implementation." A good explanation for this finding is that the move resulted in the seminar competing with another course and that part of the problem, i.e. the scheduling at the end of the semester, had not been solved. Another explanation is related to the sensitivity of this category and is discussed in more detail below (section 4.3).

The improvements in the areas of "commitment to teaching" and "quality of teaching" and the declining proportion of critical free texts were at least partly due to the vertical integration of clinical aspects, which is apparent from the free texts. Studies have shown that vertical integration can have a positive effect on motivation and the depth of understanding \[[@R23]\], \[[@R24]\]. Lecturers may have been subconsciously sensitized to these issues through the change to the seminar, which in turn could have affected the evaluation results, particularly in the area of "commitment to teaching." The respective proportion of these effects (vertical integration or sensitization) cannot be clarified on the basis of the available data. This also applies to the improvement of the overall evaluation, although this evaluation gives a positive general impression of the first step.

### 4.3 Second step (SS 2015 and 2016)

The rather minor improvement in the area of "organization, structure, implementation" can be attributed to the fact that the evaluation statements on the category were based less on the scheduling of the seminar in the curriculum and more on the organizational aspects of the seminar (see table 1 [(Tab. 1)](#T1){ref-type="fig"}). In the free texts, there was only occasional criticism about the scheduling, so we did not change it again. Taken together, the overall evaluation, the decrease in the need for action, and the proportion of critical free texts indicated that the change was positive.

### 4.4 Third step (SS 2017)

After the introduction of the ICM and the associated structural change in the seminar, the evaluation in the area of "organization, structure, implementation" further improved significantly. This finding is in line with other studies, which also found that students have a positive perception of the organizational structure of ICM \[[@R13]\], \[[@R25]\].

The ICM was able to address most of the outstanding needs regarding methodological and teaching aspects. The pilot study of the ICM in the SS 2016 showed that the ICM and the associated involvement of other teaching elements can clarify the relevance of the learning content and increase motivation \[[@R10]\]. The finding in the present study that this effect was also reflected in the categories "commitment to teaching" and "quality of teaching" was also supported by the results of the pilot study: This controlled intervention study found positive changes in the underlying evaluation statements of these categories within the same cohorts, just as we did here between different cohorts \[[@R10]\]. These observations are consistent with the results of other studies, which described more intensive learning and increased motivation as a result of the ICM \[[@R16]\], \[[@R26]\]. Because both the seminar content and method were optimized, it is not possible to further differentiate between individual effects on "commitment to teaching" and "quality of teaching."

Overall, the improvement in the overall evaluation, the decrease in the need for action and the increase in positive free texts demonstrate that the third step was successful.

### 4.5 Method of small steps

In our opinion, the optimization of the biochemistry seminar in small steps was successful, even though each individual step, for example the first change in the scheduling of the seminar, did not directly result in an improvement. However, the associated reasons could be easily identified and, in the next step, eliminated, allowing an improvement to be achieved. The advantage of the method is apparent in the small-step approach, which allows relatively simple adjustments to be made. Evidence-based teaching methods can also be integrated into this approach and, if adapted to the local conditions, might lead to more or stronger positive effects.

### 4.6 Suitability of student evaluations

The validity of student evaluations can be viewed critically \[[@R27]\]. Nevertheless, the data presented here show that student evaluations can be used to depict optimization of a course in small steps, at least to a limited extent. For example, the student evaluations of "organization, structure, implementation" did not change between WS 2012/13 and SS 2013, but they did between the SS 2014 and SS 2015. It is also necessary to draw attention to their limits, however. For example, we could only evaluate the SS 2017 results on "commitment to teaching" and "quality of teaching" in a more differentiated way in association with the results of the pilot study. In the same way, we could only largely rule out effects of the cohort by comparing the results of the pilot study, which was performed within one cohort, with those of the current study. The usefulness of evaluation results also depends on how differentiated the inquiry is, as the discussion on the second development step shows.

### 4.7 Limitations

The present study focused on student evaluations. Thus, it could not describe the extent to which the optimization had an impact on learning performance. However, the evaluation of learning success on the basis of multiple choice questions in the pilot study indicated non-inferiority of the final step \[[@R10]\].

The WS 2012/13 sample showed a high degree of variability between some evaluation time points (see figure 2 [(Fig. 2)](#F2){ref-type="fig"}), which may have had an impact on the results. We attribute this variability to the high dissatisfaction with the format of the seminar at that time, which may have led students to not respond to the statements on "quality of teaching."

A further limitation may be the change in lecturers over the seminar optimization period. Because only one eighth (12 of 96) of the groups were affected, the various lecturers had comparable qualifications, and the changes happened in several different years and were not made with the aim to improve the seminar, however, we do not think it likely that the changes had a significant impact on the results. On the other hand, the continuous improvement in the evaluation results, despite personnel changes, could also be interpreted in favor of a lecturer-independent optimization of the seminar.

5. Conclusion
=============

In summary, the present study shows how a course can be continuously developed in small steps to the benefit of the students. It is thereby noteworthy that each optimization of the various aspects of a course, such as structural, content- and teaching-related, and methodological characteristics, can help to improve student satisfaction. Thus, different approaches can be used, depending on the local conditions.

Not every change has to result in a significant improvement. Nevertheless, the experiences and student evaluations can be used for further optimizations and thus small steps can together lead to significant improvements. This approach is particularly suitable when little time or few resources are available to implement major innovations. In this way, necessary and required developments, such as those of the MM2020, can be addressed in an evidence-based approach and medical students can thus be better prepared for the clinical phase of their education and future demands.
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###### Excerpts of critical free text (anonymized)

![Statistical parameters of each evaluation statement that make up the scales for evaluating the seminar: "Organization, structure, and implementation of the seminar," "Commitment to teaching of the lecturers involved in the seminar," and "Quality of teaching." The evaluation statements were assessed on a Likert-type scale ranging from 1="does not apply at all" to 6="fully applies." Evaluation data from the pilot project 2016 were not included in the analyses.](JME-36-6-73-t-001){#T1}

![Schematic presentation of the changes to the curriculum between the winter semester 2012/2013 (WS 12/13) and the summer semester 2017 (SS 17). The sample for the analyses comprised 1248 medical students at the University of Ulm who participated in the seminar and completed an evaluation in the period WS 2012/13 to SS 2017.](JME-36-6-73-g-001){#F1}

![A-C: Mean scores of the students' evaluations on the respective scale\
A: Organization, structure, implementation of the seminar; B: Commitment to teaching of the lecturers involved in the seminar; C: Quality of teaching in the seminar; Likert-type scale ranging from 1="does not apply at all" to 6="fully applies".\
D: Proportion of students stating that there is no need for action regarding optimizing the seminar (in %).](JME-36-6-73-g-002){#F2}

![Mean overall scores of the students' evaluation of the "Integrated Seminar" rated on a Likert-type scale ranging from 1="very good" to 6="insufficient".](JME-36-6-73-g-003){#F3}

![Frequency of positive and negative free text comments at each evaluation time point. All differences between evaluation time points are significant (p\<0.05 for each).](JME-36-6-73-g-004){#F4}
